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Abstract
Objective: The objective of this study was to compare microhardness of resin cements under different thicknesses 
of zirconia and the light transmittance of zirconia as a function of thickness.
Study design: A total of 126 disc-shaped specimens (2 mm in height and 5 mm in diameter) were prepared from 
dual-cured resin cements (RelyX Unicem, Panavia F and Clearfil SA cement). Photoactivation was performed by 
using quartz tungsten halogen and light emitting diode light curing units under different thicknesses of zirconia. 
Then the specimens (n=7/per group) were stored in dry conditions in total dark at 37°C for 24 h. The Vicker’s 
hardness test was performed on the resin cement layer with a microhardness tester. Statistical significance was 
determined using multifactorial analysis of variance (ANOVA) (alpha=.05). Light transmittance of different thick-
nesses of zirconia (0.3, 0.5 and 0.8 mm) was measured using a hand-held radiometer (Demetron, Kerr). Data were 
analyzed using one-way ANOVA test (alpha=.05).
Results: ANOVA revealed that resin cement and light curing unit had significant effects on microhardness (p < 
0.001). Additionally, greater zirconia thickness resulted in lower transmittance. There was no correlation between 
the amount of light transmitted and microhardness of dual-cured resin cements (r = 0.073, p = 0.295).
Conclusion: Although different zirconia thicknesses might result in insufficient light transmission, dual-cured 
resin cements under zirconia restorations could have adequate microhardness.
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Introduction
The optical property of high strength ceramic materials 
such as glass infiltrated spinell and alumina or fused 
alumina or zirconia core materials plays an important 
role in matching the affected shade of the artificial 
restorations with the natural appearance of teeth (1,2). 
Additionally, core translucency is one of the primary 
factors in controlling esthetics and a critical considera-
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tion in the selection of the material (3,4). Translucency 
is largely dependent on light scattering. When the ma-
jority of light beam, in passing through a material, is 
partly scattered and diffusely reflected, the material 
will appear opaque. If only a part of the light is scat-
tered and the most is diffusely transmitted, the material 
will appear translucent. Moreover, the translucency of 
the material depends on the amount of crystals within 
the core matrix, their chemical nature, and the size of 
the particles (5,6).
Traditional luting agents (such as zinc-phosphate or 
resin-modified glass ionomer cements) might provide 
adequate retention for cementation of zirconium oxide 
restorations. However, adhesive cementation with adhe-
sive luting agents is necessary for ensuring better reten-
tion and marginal adaptation (7). 
Until recently, conventional quartz tungsten halogen 
(QTH) light curing units (LCUs) were widely used to 
polymerize resin cements. In the last few years, other 
technologies, such as xenon plasma arc (PAC) and light-
emitting diodes (LED) are also available (2). Although 
these systems are still being developed, the effective-
ness of these LCUs has been recently questioned. 
The polymerization of resin cements is critical, because 
inadequate polymerization is usually associated with 
poor mechanical and biological properties of the resin 
cements. Furthermore, modified light polymerization 
protocols can lead to the resulting polymer having dif-
ferent structures and properties, such as hardness, ten-
sile strength, and water solubility and sorption. Surface 
hardness is one of the most important physical proper-
ties of dental materials, and is defined as the resistance 
of a material to indentation or penetration. Hardness 
testing is commonly used as a simple and reliable meth-
od to indicate the degree of conversion of resin-based 
cements (2,8).
Based on these considerations, the first aim of this study 
was to compare the microhardness of resin cements po-
lymerized with different LCUs under different thick-
nesses of zirconia. Additionally, the second aim was to 
evaluate the translucency of zirconia as a function of 
the thickness. The tested null hypothesis was twofold: 
1- Polymerization of resin cements with different LCUs 
significantly affects the microhardness values. 2- Light 
transmittance of zirconia and as a result microhard-
ness of resin cements under zirconia decrease when the 
thickness of zirconia is increased. 
Material and Methods
The experimental set-up is given in figure 1.
The tested resin cements (RelyX Unicem, Panavia F and 
Clearfil SA cement) their manufacturers and composi-
tions were shown in table 1. A total of 126 disc-shaped 
specimens were prepared by the same operator from 
different resin cements (RelyX Unicem, Panavia F and 
Fig. 1. Schematic illustration of specimen preparation.
Clearfil SA cement) according to the manufacturers’ 
directions (n=42/per group). Each disk was 5 mm in di-
ameter and 2±0.01 mm thickness. Pastes A and B of the 
Panavia F hand-mixing cement was mixed in a 1:1 ratio 
on a mixing pad for 10 s. The other self-mixing cements 
(Clearfil SA cement and RelyX Unicem) were mixed 
by activating the syringes and triturating for 5 s. After 
placing the resin cements in a circular polytetrafluor-
oethylene mold, a transparent polyethylene film was 
placed over the filled mold and the zirconia discs (10 
mm in diameter) in different thicknesses (0.3, 0.5 and 
0.8 mm) were positioned over the resin cement (n=14/
per group). The specimens were provided as 2 groups 
(n=7/per group) according to the LCU used (polymer-
ized for 20 s): a quartz tungsten halogen (QTH, Blue 
Swan Digital; Dentanet, Turkey) and a light-emitting 
diode (LED, Elipar Freelight 2; 3M Espe, St. Paul, MN, 
USA). Then the specimens were stored dry in dark at 
37°C for 24 h. 
The specimens were polished with 220, 360, and 600 
grit silicone carbide abrasive paper (Federation of Eu-
ropean Producers of Abrasives (FEPA) under water-
cooling with a grinding machine (Struers RotoPol 11, 
Struers A/S, Rodovre, Denmark) and placed on the plat-
form of the tester with the surface being tested facing 
the diamond indenter. The Vicker’s hardness number 
(VHN) test was performed on the cement layer with a 
microhardness tester (Shimadzu HMV; Shimadzu Cor-
poration, Tokyo, Japan) with 200 g of load application 
for 15 seconds. Three indentations were taken for each 
of the top and the bottom surfaces of each resin cement 
specimen. These indentations were not closer than 1 
mm to the margin and were averaged to determine the 
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hardness value for each specimen. VHN was calculated 
using the following formula: (Fig. 2).
           
where P is the load in kilograms and d is the diagonal 
length of the indent in millimeters.
Translucency measurement:
Zirconia (Whitepeaks Dental Systems Co, Essen, Ger-
many) disc-shaped specimens (n=24) (in A1 shade) were 
fabricated by the manufacturer using a computer aided 
design/computer-aided milling (CAD/CAM) process in 
three different thicknesses (0.3, 0.5 and 0.8 mm) (n=8/
per group). Before measurement of translucency, the 
zirconia discs were ultrasonically cleaned in distilled 
water for 10 minutes and then dried with compressed 
air. The thickness of the discs was measured using a 
digital micrometer (Mitutoyo Manufacturing Company 
Ltd, Kawasaki, Japan). The accuracy of the micrometer 
was ±10μm. 
?
Trade
Name
Chemical composition*
(filler content by weight*) 
Lot
number 
Manufacturer 
Clearfil™
SA Cement 
Bis-GMAa, NaFb, TEGDMAc, MDPd, HDDMAe,
hydrophobic aliphatic dimethacrylate, silanated colloidal 
silica, silanated barium glass fillers, dl-Camphorquinone, 
initiators, accelerators, catalysts, pigments 
(66% wt)
037aaa
Kuraray Medical Inc., 
Okayama, Japan 
RelyX 
Unicem 
Powder: glass powder, initiator, silica, substituted 
pyrimidine, calcium hydroxide, peroxy compound and 
pigment Liquid: methacrylated phosphoric ester, 
dimethacrylate, acetate, stabilizer and initiator 
(72% wt) 
290546
3M Espe AG, St. Paul, 
MN, USA 
Panavia F 
Paste A: BPEDMAf,
MDPd, DMAg
Paste B: barium, boron, silicium glass and NaFb
(73 wt %) 
Paste A: 
00304A
Paste B: 
00052A
Kuraray Medical Inc., 
Okayama, Japan 
Table 1. Test materials and their composition according to manufacturers.
*Information provided by manufacturers.
aBis-GMA: Bis-phenol-A diglycidylmethacrylate, bNaF: sodium fluoride, cTEGDMA: Triethyleneglycol dimethacrylate, dMDP: 
10-methacryloyloxy decyl dihydrogenphosphate, eHDDMA: Hexanediol dimethacrylate,  fBPEDMA:  Bisphenol-A-polyethoxy 
dimethacrylate, gDMA: aliphatic dimethacrylate.
The light transmission value of each thickness was 
measured by placing the disc on the aperture of the 
hand-held radiometer (Demetron, Kerr, Orange, CA, 
USA) and recording the average of resultant light read-
ings through the disc. Then transmittance percentage 
was calculated for each thickness.
-Statistical analysis
Multifactorial analysis of variance (ANOVA) was per-
formed to determine the effects of different resin ce-
ments, LCUs and zirconia thicknesses on the Vicker’s 
microhardness of resin cements. Paired-Samples T test 
was used to compare the microhardness values of resin 
cements in top and bottom surfaces. A p value less than 
0.05 was considered statistically significant. But, for all 
possible multiple comparison tests, Bonferroni Adjust-
ment was applied to control Type I error. The transmit-
tance data were analyzed using one-way Anova and 
Tukey’s post-hoc tests (alpha=.05). A non-parametric 
Spearman’s correlation analysis and Spearman’s coef-
ficient (rho) was used to assess the correlation between 
Hv = 1.854 P / d2
Fig. 2. Calculation of VHN.
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the microhardness of resin cements and light transmis-
sion through zirconia ceramics.
Results
The mean microhardness values and standard devia-
tions for specimens are shown in table 2. Statistical 
analysis demonstrated that resin cement and light 
curing unit had significant effects on microhardness 
?
Resin
cement 
Light
curing 
unit
Top surface Bottom surface 
0.3 mm 0.5 mm 0.8 mm 0.3 mm 0.5 mm 0.8 mm 
RelyX 
Unicem 
QTH 1132.4±243.6Aa 1109.0±90.2Aa 1083.9±85.1Aa 688.3±157.7Cab 665.1±180.1Cb 615.3±40.7Cb 
LED 965.4±119.4Ba 911.3±150.4Ba 911.1±101.9Ba 776.0±123.9BCa 775.1±109BCa 729.1±110.8BCab 
Panavia
F
QTH 657.6±136.9Cb 654.8±79.4Cb 653.4±80.8Cb 303.1±23.9Dbc 294.3±58.2Dc 288.0±49.9Dc
LED 745.6±129.1BCab 676.5±88.3Cb 670.0±101.6Cb 660.0±102.5Cb 565.3±79Cb 561.9±159Cb 
Clearfil 
SA 
QTH 448.5±68.7Cb 436.9±25.2Cb 403.4±70.5Cb - - - 
LED 327.7±80.4Dc 308.1±112.2Dc 307.0±68.7Dc - - - 
Table 2. The mean microhardness and standard deviation values of the resin cements tested.
*Means followed by the same letter for rows (capital letter) or columns (small letter) are not significantly different (p > 0.05). 
There was signicant differences between QTH and LED LCUs (p < 0.05).
(p < 0.001). Furthermore, thickness of zirconia had 
no significant effect on microhardness of resin ce-
ments in both surfaces (top and bottom surfaces) (p = 
0.151 and p = 0.088, respectively). A significant two 
factor interaction between resin cement and LCUs 
was observed in both surfaces (p < 0.001). Howev-
er, no three factor interaction was observed in both 
surfaces among resin cements, LCUs and different 
thicknesses of zirconia (top surface: p = 0.932 and 
bottom surface: p = 0.517).
The results of the microhardness test indicated signifi-
cant differences based on the surface of resin cements 
(top and bottom surface) (p < 0.004). The top surface 
microhardness values of Rely X Unicem and Clearfil SA 
cement when polymerized with QTH LCU were higher 
than the results when polymerized with LED LCU (p 
< 0.001). Moreover, the bottom surface microhardness 
values of Rely X Unicem and Panavia F when polymer-
ized with QTH LCU were lower than the results when 
polymerized with LED LCU (p < 0.001). However, the 
microhardness of Clearfil SA cement wasn’t detectable 
on the bottom surface. The impression of the indenter 
couldn’t be clearly identified on the surface of the Clear-
fil SA cement specimens polymerized under three dif-
ferent thicknesses of zirconia discs. In addition to this, 
the top surface microhardness values of Panavia F when 
polymerized with QTH LCU were similar to the results 
when polymerized with LED LCU (p = 0.102).
The microhardness of the tested materials in the upper 
surface can be rank as follows: Rely X Unicem > Pana-
via F > Clearfil SA cement (p < 0.001). Furthermore, 
statistically significant ranking for microhardness 
was obtained in the bottom surface as follows: Rely X 
Unicem > Panavia F (p < 0.001). 
Transmittance percentage values of various zirconia discs 
are displayed in figure 3. One-way ANOVA revealed the 
factor of “thickness” in this study, demonstrated the sta-
tistically significant effect on light transmittance (p < 
0.001). The percentage of light trasmittance was ranked 
as follows: 0.3 mm > 0.5 mm > 0.8 mm (p < 0.001). As 
a result, percentage of light transmittance was decreased 
with the increase in thickness of zirconia disc.
Discussion
It is known that to reach optimum physical properties 
of resin cements under ceramic restorations; degree 
of conversion should be as high as possible (9). In the 
present study, to simulate clinical conditions, the resin 
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Fig. 3. Mean light transmittance (%) of the zirconia specimens in 
different thicknesses.
cement specimens were irradiated from the top of the 
zirconia discs using LCUs, where the end of the light 
guide was in contact with the discs. 
The first null hypothesis was accepted after statistical 
analysis revealed differences in microhardness among 
the resin cements after light curing with different 
LCUs. The hardening of resin cements was investigated 
to ensure the efficacy of different LCUs. Previous stud-
ies showed hardness as a good indicator of conversion 
of double bonds (10,11) and was therefore used in the 
present study as an indirect measurement of degree of 
conversion. It was also reported that hardness was use-
ful in determining the development of the mechanical 
properties of resin composites during their polymeriza-
tion reaction, and that there was a direct correlation be-
tween degree of conversion and hardness development 
during polymerization, as a consequence of the increase 
in stiffness and strength of the material (12,13).
Conflicting results are often indicated in the literature 
when the effects of different LCUs on resin based materi-
als are reported (14,15). Previous studies reported mechan-
ical properties of LED LCU polymerized resin composites 
as well or better than some QTH LCUs (16,17). A previous 
study by Cekic-Nagas et al. (2) compared the polymeriza-
tion ability of three different light-curing units (QTH, LED 
and PAC) by determination of microhardness and found 
significant effects of resin cement and LCU on microhard-
ness. Similar to these previous studies, in the present study, 
LED LCU presented higher or similar hardness values than 
QTH on the top surface of the resin cements. However, on 
the bottom surface of Panavia F and Rely X Unicem, LED 
LCU presented lower hardness values than QTH. 
A previous study by Aguiar et al. (18) evaluated the in-
fluence of light curing modes and curing time on the 
microhardness of a hybrid composite resin and indi-
cated higher hardness values of top surfaces than bot-
tom surfaces. In accordance to that previous study, top 
surfaces of resin cements showed higher microhardness 
values than bottom concerning LCUs, resin cements 
and zirconia thickness (Table 2). This finding might be 
indicative of the limitation of transmitted light passing 
through 2 mm thickness of resin cements.
Further on the comparison of microhardness values of 
the resin cements, Rely X Unicem showed higher mi-
crohardness values than Panavia F and Clearfil SA ce-
ments (Table 2). This could be partially attributed to 
the differences in filler load, filler type, resin matrix, 
and formulation. The filler particles incorporated into 
the matrix provide much better mechanical properties 
than the matrix itself. Therefore, up to a certain limit, a 
higher filler load may be expected to improve mechani-
cal properties. A previous study by Pilo and Cardash 
demonstrated a correlation between filler content and 
hardness (19). Differences between the resin-based ce-
ments included in the present study, can be explained 
by their different filler content. The amounts of fillers 
used in this study were 72% and 73% by weight for 
Rely X Unicem and Panavia F respectively, which were 
higher than Clearfil SA cement (66%) (Table I). Rely 
X Unicem, having high filler load also ranked highest 
surface hardness. Clearfil SA, having lower filler load, 
in their turn showed a lower hardness. However, in the 
current study, Panavia F, with highest filler content 
(73%), had lower values than Rely X Unicem. The rea-
son for this could be that the use of hand-mixing Pana-
via F, unlike the other self-mixing cements tested in this 
study, might have resulted in mixing errors associated 
with different polymerization initiators and reactions. 
Self-mixing may help discard susceptibility to operator-
induced variability (20). Thus, lower hardness results of 
Panavia F could be related with the air inclusions dur-
ing the mechanical mixing or consistency of the ma-
terial, which might more readily accept air inclusion 
during the hand-mixing process (2). Moreover, Clearfil 
SA, consisting TEGDMA, presented lower values for 
hardness. In accordance with the present study, a recent 
study by Moraes et al. (21) confirmed that hardness is 
lower for TEGDMA-rich resin cements. Furthermore, 
in the evaluation process of Clearfil SA, the microhard-
ness values of this cement couldn’t be obtained on the 
bottom surface. The inside of the Clearfil SA cement 
specimens, there were many defects and cracking lines; 
when a diamond tip of the hardness tester was pressed 
on these defects and cracking lines, microhardness lev-
els were evidently decreased, even couldn’t be meas-
ured. This might suggest an inadequate polymerization 
of Clearfil SA cement on the bottom surface.
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Knowledge of the optical properties of dental restorative 
materials is very important to achieve esthetic restora-
tions, and this study attempts to analyze optical proper-
ties of the zirconia ceramics. The second null hypothesis 
that the light transmittance of zirconia decreases when 
the thickness is increased should be partially accepted, 
as the different thicknesses of zirconia had a significant 
effect on light transmittance values of the tested zirconia 
specimens. This finding is according to the results of a 
previous study by Lee et al. (22), suggesting a decrease 
in light transmittance with an increase in thickness of 
porcelain disc. Similarly, Antonson et al. (23) indicated 
that translucency is inversely related to the thickness of 
the ceramic layer to be traversed by the light beam and 
is strongly influenced by light scattering.
Previous studies have reported an inverse relationship 
between the thickness of ceramic inlays and the surface 
hardness of resin cements (24,25). However, the results 
of this study demonstrated that polymerization of dual-
cured resin cements under different zirconia thickness-
es had no effect on microhardness. A previous study by 
Kilinc et al. (25) evaluated the effect of ceramic thick-
ness and shade on the microhardness of various light-
cured and dual-cured resin cements and concluded that 
the polymerization was adversely affected only when 
the ceramic thickness was 3 mm and above. The zirco-
nia thicknesses investigated in the present study were 
less than 3 mm. That could be the reason for similar 
microhardness values of the resin cements under dif-
ferent zirconia thicknesses. In the context of this study, 
no correlation was found between light transmission 
through zirconia and microhardness of resin cements. 
At this juncture, it should be put into perspective that, 
dual-cured resin cements were tested in the present 
study and the transmitted light had no effect on micro-
hardness of these cements. This may be related with the 
ongoing chemical polymerization of dual-cured resin 
cements after light polymerization. 
Conclusion
As microhardness of the resin based material might give 
an idea about the polymerization process, further investi-
gations are required to test the microhardness of resin ce-
ments in vitro and in vivo. Additionally, further investi-
gations about optical properties should be studied before 
and after the application of veneering porcelain on zirco-
nia core materials. Within the limitations of this in-vitro 
study, the following conclusions could be drawn:
1. High-power LED LCUs might be considered as effec-
tive as QTH LCU or more effective than QTH LCU for 
polymerization of the resin-based materials.
2. Greater thickness of zirconia results in lower light 
transmittance. 
3. There might be insufficient light transmission through 
zirconia restorations for adequate microhardness. Thus, 
use of dual-cured resin cements might be preferred un-
der zirconia restorations. 
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